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SYSTEM FOR FUSING JOINTS 
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FIELD OF THE INVENTION 

The present invention relates generally to a bone screW for 
draWing together bone fragments separated by a fracture and 
more particularly to such a screW Which draWs the bone 
fragments together as a result of different-pitched threads on 
the screW. 

BACKGROUND OF THE INVENTION 

In healing bone fractures it is desirable to compress the 
fractures so that the fractured surfaces are pressed against one 
another. In the prior art, bone screWs have been used to draW 
the fractured surfaces together and thereby optimiZe the heal 
ing process. 
A number of prior art bone screWs have been constructed in 

a fashion resembling Wood screWs. For example, some prior 
art bone screWs include a threaded distal portion and a head 
With a relatively long unthreaded shank disposed betWeen the 
head and the distal portion. A drill is used to create a bore 
through the fracture and the screW is threaded into the remote 
bone fragment With the head of the screW compressing the 
near fragment tightly against the remote bone fragment. 

Other bone screWs are threaded along the length thereof, 
thus requiring a ?rst drill bit to create a bore in both bone 
fragments extending across the fracture and a second bit to 
drill a larger bore in the near bone fragment so that the screW 
threads do not engage the near bone fragment. Thereafter, the 
screW is tightened in the same manner as described above in 

connection With the screW having an unthreaded shank, 
thereby compressing the fragments together. 
The operation of tWo prior art headed lag screWs is illus 

trated in FIGS. 8A-10D. The operation of a lag screW A1 with 
a head B1 and a shank Cl is shoWn in FIG. 8A-D. Shank C1 of 
screW Al includes threads D 1 at the distal end and an 
unthreaded region E 1 proximal to head B1. The pitch of 
threads D 1 is constant. FIG. 8A shoWs screW Al partially 
engaged in a bore F 1 in a near bone fragment G 1 . The diameter 
of bore F l is less than the diameter of threads D l and therefore 
the threads engage the Walls of the bore as the screW is tWisted 
in. FIG. 8B shoWs screWAl as it starts threading into a bore H l 
in a remote bone fragment I1. At this point threads D1 are 
engaged in both bores and moving forWard at the same speed 
in both fragments so no compression betWeen the fragments 
is achieved. Head B 1 has reached the top of fragment G1 in 
FIG. 8C, as indicated schematically by the radiating “force” 
lines. Since threads D 1 are no longer engaged in fragment G1, 
screW Al rotates freely in the fragment Without being draWn 
forWard therein. Subsequent rotation of screW Al draWs frag 
ment I1, further up the screW. Because head B 1 prevents frag 
ment Gl from moving further up screW A1, fragment I1, is 
draWn up against fragment G1 and compression betWeen the 
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fragments is achieved as shown in FIG. 8D, With the head 
pulling doWn on the near fragment and the threads pulling up 
on the remote fragment. 

The importance of the unthreaded region of screW Al is 
illustrated in FIGS. 9A-d. A lag screW A2 including a head B2 
and a shank C2 is shoWn partially engaged in a bore F2 in a 
near fragment G2 in FIG. 9A. Shank C2 includes threads D2 
running the entire length With no unthreaded region such as 
E1 on screW A1. Rotating screW A2 causes it to be draWn 
through fragment G2 and pass into a bore H2 in a remote 
fragment 12, as shoWn in FIG. 9B. Further rotation of screW A2 
brings head B2 doWn against the upper surface of fragment 
G2. See FIG. 9C. At this point, threads D2 are still engaged in 
bore P2 of fragment G2 and the interaction of the head on the 
surface of fragment G2 impedes the further rotation of screW 
A2. To have additional rotation, head B2 Would have to be 
draWn doWn into fragment G2 or the portion of threads D2 in 
fragment G2 Would have to strip out. Therefore a fully 
threaded screW, such as screW A2, Would not be preferred for 
use in the fragment and bore con?guration of FIGS. 9A-D. 

The proper bore con?guration for using screW A2 is illus 
trated in FIGS. 10A-D. As shoWn in FIG. 10A, bore F2 in 
fragment G2 is enlarged to alloW threads D2 of screW A2 to 
pass freely through the bore. ScreW A2 therefore slips into 
bore F2 until it reaches fragment 12. At that point, threads D2 
engage the Walls of bore H2 and draW screW A2 doWn into 
fragment 12. See FIGS. 10B-C. When head B2 reaches the 
upper surface of fragment G2, further rotation causes frag 
ment I2 to be draWn up into contact With fragment G2 as 
shoWn in FIGS. 10C-D. No binding occurs betWeen head B2 
and threads D2 in the near fragment because of the large bore 
in fragment G2, and the screW functions as intended to draW 
the tWo fragments together. 

FIGS. 11A-12D illustrate the effect of substituting head 
less screWs in the place oflag screWs Al andA2. FIG. 11A, in 
particular, shoWs a headless screW A3 partially installed in a 
bore F3 in a near fragment G3. ScreW A3 includes threads D3 
extending along its entire length. The pitch of threads D3 is 
constant. FIG. 11B shoWs screW A3 extending through frag 
ment G3 and just entering a bore H3 in a remote fragment 13. 
FIG. 11C shoWs screW A3 advanced further into fragment 13. 
Since the pitch of threads D3 is constant, screW A3 moves 
forWard in fragments G3 and I3 by the same amount With each 
rotation. As shoWn in FIG. 11D, screW A3 Will pass through 
both fragments Without altering their relative spacing or com 
pressing them together. Thus, a headless screW such as screW 
A3 Will not Work to draW the fragments together in the same 
Way as lag screWs Al and A2. 
A variation of screW A3 is shoWn at A4 in FIG. 12A. ScreW 

A4 includes threads D4 of constant pitch extending along its 
entire length and differs from screW A3 in that it tapers from a 
smaller outside diameter at the leading end to a larger outside 
diameter at the trailing end. ScreW A4 is shoWn because it 
incorporates tapering, Which is one of the features of the 
present invention, hoWever, it is unknoWn Whether such a 
screW is found in the prior art. ScreW A4 is shoWn partially 
installed in a bore F4 in a near fragment G4 in FIG. 12A. As 
screW A4 is rotated, it moves through fragment G4 and into a 
bore H4 in a remote fragment 14, as shoWn in FIG. 12B. 
Subsequent rotation simply carries screW A4 further into and 
through fragment 14 Without any effect on the spacing 
betWeen the fragments. See FIGS. 12C-D. With a constant 
pitch thread, such as found on thread D4, the taper does not 
facilitate compression. Taper may, hoWever, make a screW 
easier to start in a small pilot hole or even Without a pilot hole. 
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The threaded portion of many Wood screWs folloWs this gen 
eral format, tapering to a sharp point, to alloW installation 
Without a pilot hole. 

It can be seen from the above discussion that a headless 
screW of constant pitch does not achieve the desired compres 
sive effect betWeen the tWo fragments as Will a lag screW With 
a head. It is, hoWever, possible to draW tWo fragments together 
With a headless screW if it has varying pitch. FIG. 13A shoWs 
a headless screW A5 With threads D5 formed along its entire 
length. Such a screW is shoWn in US. Pat. No. 146,023 to 
Russell. The pitch of threads D5 varies from a maximum at the 
leading end to a minimum at the trailing end. It is expected 
that such a screW moves forWard upon rotation in a fragment 
according to the approximate average pitch of the threads 
engaged in the fragment. ScreW A5 is shoWn in FIG. 13A With 
the leading threads engaged in a bore F5 in a near fragment G5. 
Rotation of screW A5 causes it to move forWard into and 
through fragment G5 and into a bore H5 in a remote fragment 
15, as shoWn in FIG. 13B. Additional rotation after the leading 
threads engage fragment I5 causes the tWo fragments to be 
draWn together. See FIGS. 13C-D. This is because the aver 
age pitch of the threads in fragment I5 is greater than the 
average pitch of threads in fragment G5. Since the screW 
moves forWard in each fragment With each 3600 rotation by 
an amount roughly equal to the average pitch of the threads in 
that fragment, each rotation Will move the screW forWard 
further in fragment I5 than in fragment G5. This effect Will 
gradually draW the fragments together as the screW moves 
forWard. Depending on the initial spacing betWeen the frag 
ments, they can make contact either before or after the trailing 
end of the screW has entered fragment G5. ScreW A5, in 
contrast to constant pitch screWs such as screWs Al and A2, 
can be used to separate fragments G5 and I5 by simply revers 
ing the rotation. 
One draWback of a screW such as shoWn in Russell is the 

stripping or reaming of the female threads created in the bore 
by the leading threads as the trailing threads folloW. Because 
the pitch changes along the length of the screW, no thread 
exactly folloWs the thread directly in front of it. Rather, each 
thread tends to cut its oWn neW path Which only partially 
overlaps the path of the thread ahead of it. Thus, the trailing 
threads tend to ream out the female threads in the bore made 
by the leading threads. This effect reduces the grip of the 
trailing threads and therefore the overall compressive force 
available to urge the fragments together. 

FIG. 14A shoWs a headless screW A6, such as disclosed in 
US. Pat. No. 4,175,555 to Herbert, that offers one solution to 
the problem of reaming of threads. As noted in the Herbert 
patent, bone screWs having heads suffer from several disad 
vantages including concentrated loads beneath the screW 
head and the protrusion of the screW head itself after the screW 
is installed. Several other shortcomings of the standard type 
of bone screW are detailed in the Herbert patent. 

ScreW A6, as per Herbert, includes a shank C6 With leading 
threads J 6 at the leading end, trailing threads K6 at the trailing 
end and an unthreaded region E6 separating the leading and 
trailing threads. Threads J 6 and K6 each have ?xed pitch, but 
leading threads J6 have a larger pitch and smaller outside 
diameter than trailing threads K6. FIG. 14A shoWs leading 
threads J 6 of screW A6 installed in a bore P6 of a near fragment 
G6. Threads J 6 do not engage the Walls of bore F6, the bore 
having been bored large enough to alloW leading threads J 6 to 
pass freely. As the screW moves forWard, the leading threads 
engage a bore H6 in a remote fragment 16. See FIG. 14B. The 
diameter of bore H6 is adapted so that leading threads J 6 
engage the Walls. MeanWhile, at the trailing end of the screW, 
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trailing threads K6 start to engage the Walls of bore F6, Which 
has been bored to an appropriate diameter therefor. 
As soon as trailing threads K6 are engaged in bore F6 and 

leading threads J 6 are engaged in bore H6, the tWo fragments 
start draWing together. See FIG. 14C. Further rotation of 
screW A6 completes the process of moving the tWo fragments 
together as shoWn in FIG. 14D. ScreW A6 operates on the 
same general principle as screW A5, except that the average 
pitch of the threads in the remote and near fragments is simply 
the pitch of the leading and trailing threads, respectively. For 
instance, if the pitch of the leading threads is 0.2 inches and 
the pitch of the trailing threads is 0.1 inches, each rotation of 
screW A6 Will move it 0.2 inches further into fragment H6, but 
only 0.1 inches further into fragment I6, thus moving the 
fragments 0.1 inches closer together. 

The Herbert screW overcomes at least one of the drawbacks 
of the Russell screW, the reaming of female threads by sub 
sequent threads on the screW, but at the same time suffers from 
a number of other disadvantages. In the Herbert screW, the 
leading threads have a smaller diameter than the trailing 
threads. This is necessary to permit the leading threads to pass 
through the relatively large bore in the near bone fragment 
and engage the smaller bore in the remote bone fragment. The 
larger trailing threads then engage the larger bore in the near 
bone fragment. As a result of this arrangement, any stripping 
of the threads cut into the bones during installation of the 
screW occurs in the remote bone. If the stripping occurred in 
the bore in the near bone fragment, a screW having a head 
thereon could still be used to compress the fracture even 
though the near bore Was stripped; hoWever, When stripping 
occurs in the bore in the remote bone, a standard screW With 
the head thereon cannot be used and another bore must be 
drilled. 

Further, the Herbert screW must be correctly positioned, 
i.e., it is imperative that the fracture intersect the unthreaded 
central portion of the Herbert bone screW When the same is 
installed. Thus, the Herbert screW is not suitable for treating 
fractures that are very near the surface of the bone Where the 
hole is to be drilled. In addition, because the Herbert screW is 
not threaded entirely along the length thereof, the purchase 
obtained by the screW in the bone is not as good as With a 
screW threaded along the entire length. Also, tWo bores of 
different siZes must be drilled to install the Herbert screW 
rather than a single bore. 

Yet another problem With the Herbert screW is the stripping 
that can occur if additional tightening occurs after the screW 
has draWn the bone fragments together. While the bone frag 
ments are being draWn together, trailing threads K6 all folloW 
a single path through the near fragment. Similarly, leading 
threads J6 all folloW a single path through the remote frag 
ment. When, hoWever, the bone fragments make contact, the 
tWo sets of threads canno longer move independently. Further 
rotation of the Herbert screW after contact betWeen the frag 
ments can cause the leading threads to strip out as they 
attempt to move forWard through the distal bone fragment 
faster than the trailing threads Will alloW. See The Herbert 
Bone Screw andlts Applications in Foot Surgery, The Journal 
ofFoot andAnkle Surgery, No. 33,Vol 4, 1994, pages 346-354 
at page 346, Which reports on a study that found compression 
of 10 kg. after only tWo complete turns of the trailing threads 
engaged in the near bone fragment. Each subsequent revolu 
tion lead to a decrease in compressive force. Thus, care must 
be taken not to over-tighten the Herbert screW. 

In addition to draWing tWo bone fragments together to 
repair fractures, it is sometimes desirable to draW together 
tWo bones for fusing the same together in connection With 
arthrodesis of the interphalangeal joints. This procedure is 
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6 
sometimes indicated With symptoms of pain or instability in 
the ?nger joints. The purpose is to immobilize and draW 
together adjacent bones across a joint to cause them to fuse 
together thereby preventing further movement at the joint. 

In one prior art procedure for immobilizing the distal inter 
phalangeal joint (DIP), axial bores are drilled in the articular 
surfaces of the distal and proximal phalanges. The bore in the 
distal bone is suf?ciently large to receive Without threading a 
screW Which is inserted therein via an incision in the tip of the 
?nger. The screW threadably engages the bore in the proximal 
bone and When the screW head is tightened against the distal 
end of the distal bone, the tWo bones are compressed together. 
After several Weeks, the bones fuse together. A second pro 
cedure to remove the screW must be performed because the 
head of the screW Will cause discomfort in the ?nger pad if the 
screW is not removed. 

This procedure is undesirable because it requires tWo sepa 
rate surgeries. KatZman, et al., Use of a Herbert Screw for 
Interphalangeal JointArthrodesis, Clinical Orthopedics and 
RelatedResearch, No. 296 pages 127-132 (November 1993), 
describes use of the screW disclosed in the Herbert patent in 
procedures for interphalangeal joint arthrodesis. 
Many of the above-discussed disadvantages associated 

With using a Herbert screW to compress a fracture are also 
present When the Herbert screW is used for interphalangeal 
joint arthrodesis. 

It Would be desirable to provide a headless bone screW 
Which overcomes the disadvantages associated With the Her 
bert bone screW, as Well as other prior art bone screWs. 

SUMMARY OF THE INVENTION 

A bone screW for draWing together bone fragments sepa 
rated by a fracture includes a root portion having a leading 
end and a trailing end. The leading end has a smaller diameter 
than the trailing end. A screW thread is formed on the root 
portion betWeen the leading and trailing ends and has a pitch 
Which varies along the length thereof, having a larger pitch 
near the leading end and a smaller pitch near the trailing end. 
The thread is adapted to thread in the cancellous material of 
the respective bone fragments to be joined by the screW. 
Means are provided on the trailing end of the root portion to 
accommodate a tool for driving the screW. The present inven 
tion also contemplates a method for draWing together bone 
fragments separated by a fracture. 
The foregoing and other objects, features and advantages 

of the invention Will become more readily apparent from the 
folloWing detailed description of a preferred embodiment 
Which proceeds With reference to the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an enlarged side elevation vieW of a bone screW 
constructed in accordance With the present invention; 

FIG. 1A is a vieW of the screW of FIG. 1 shoWn partially in 
cross section; 

FIG. 2 is an end vieW ofthe bone screW of FIG. 1; 
FIG. 3 is a draWing illustrating the outside diameter of the 

screW; 
FIG. 4 is a draWing illustrating the diameter of the root 

portion of the screW; 
FIG. 5 is a cross-sectional vieW of a bone screW constructed 

in accordance With the present invention installed in a bone to 
draW a fracture together; 

FIG. 6 is a side elevation vieW of a bone screW constructed 
in accordance With the present invention Which may be used 
for interphalangeal joint arthrodesis; 
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FIG. 7 is a vieW of the bone screw of FIG. 5 installed in a 
distal interphalangeal j oint With the bones forming the joint as 
shown in cross-section; 

FIGS. 8A-14D shoW the operation of various screWs to 
compress tWo bone fragments together; 

FIGS. 15A-D shoW the operation of a screW constructed 
according to an alternative embodiment of the present inven 
tion to compress tWo bone fragments together; 

FIGS. 16A-B are detailed vieWs of the screW shoWn in 
FIGS. 15C and 15D, respectively; 

FIG. 17A is a side elevation vieW of a bone screW con 
structed according to an alternative embodiment of the 
present invention; 

FIG. 17B is a representation of the side pro?le of a root 
portion of the screW of FIG. 17A; 

FIG. 17C is a representation of the outside diameter of the 
screW of FIG. 7A; 

FIG. 18A is a side elevation vieW of a bone screW con 
structed according to a fourth embodiment of the present 
invention; 

FIG. 18B is a representation of the side pro?le of a root 
portion of the screW of FIG. 18A; 

FIG. 18C is a representation of the outside diameter of the 
screW of FIG. 8A; 

FIG. 19 is an enlarged side elevation vieW of a bone screW 
constructed in accordance With an alternative embodiment of 
the present invention; 

FIG. 19A is a vieW of the screW of FIG. 19 shoWn partially 
in cross section; 

FIG. 20 is an end vieW ofthe bone screW of FIG. 19; 
FIG. 21a illustrates the outside diameter and root pro?le of 

an alternative embodiment of the present invention; and 
FIG. 21b is an elevational vieW ofthe screW of FIG. 21a. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Indicated generally at 10 in FIGS. 1 and 1A is a bone screW 
constructed in accordance With the present invention. Bone 
screW 10 is centered on a longitudinal axis 11. The length of 
screW 10 as measured along axis 11 is 0.394 inches in the 
present embodiment of the invention. The bone screW 
includes a root portion 12 having a continuous screW thread 
14 formed thereon. 

Root portion 12 includes a leading end 16 and a trailing end 
18. As can best be seen in FIG. 4, the diameter of leading end 
16 is less than the diameter of trailing end 18. Also in FIG. 4, 
it can be seen that root portion 12 tapers betWeen trailing end 
18 and leading end 16. A 450 bevel 20, in FIGS. 1 and 1A, is 
formed on trailing end 18. In the present embodiment of the 
invention, trailing end 18 has a diameter of approximately 
0.092 inches. A frusto-conical nose portion 22 is formed on 
leading end 16 of root portion 12. 

ScreW thread 14 extends continuously betWeen nose por 
tion 22 and bevel 20. As can be seen in FIGS. 2 and 3, a 
trailing thread 24 has a crest height, i.e., the distance betWeen 
axis 11 and a crest 26 of trailing thread 24, Which varies so as 
to form a substantially 45o angle, illustrated as angle 28 in 
FIG. 3, betWeen the outside diameter of crest 24 and axis 11. 
A similarly tapering leading thread 30 also has a crest 32 

Which varies in height over a ?rst partial turn of screW thread 
14 so as to form an angle of substantially 450 With axis 11 as 
illustrated in FIG. 3. 

The crest of screW thread 14 betWeen trailing and leading 
threads 24, 30 respectively, varies in height along the length 
of thread 14. In the present embodiment of the invention, the 
outside diameter de?ned by the crest of thread 14 betWeen the 
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leading and trailing threads forms an angle 34, in FIG. 3, of 
approximately 1.430 With respect to an axis 35 extending 
from the radially outermost portion of thread 14 parallel to 
axis 11. In the present embodiment of the invention, the 
diameter of the radially outermost portion of thread 14 is 
approximately 0. 13 8 inches. 
The pitch of thread 14, i.e., the distance from one point on 

the thread to the corresponding point on an adjacent thread 
measured parallel to axis 11, decreases betWeen the leading 
and trailing ends of the screW. The term pitch is also some 
times used to refer to the number of threads per unit length, 
i.e., 20 threads per inch. This alternative de?nition is simply 
the inverse of the de?nition chosen for use in this application. 
The distinction is important to remember for proper under 
standing of the subsequent description because the screW of 
the present invention relies on varying pitch to achieve its 
function. 

In the embodiment of the invention shoWn in FIGS. 1 and 
1A, the distance betWeen the uppermost portion of crest 32 
and a corresponding crest portion 36 is 0.04964 inches. The 
distance betWeen the uppermost portion of crest 26 and a 
corresponding crest portion 38 is 0.04748 inches. In the 
present embodiment of the invention, the pitch change per 
revolution is approximately 0.00036 inches. 

The pitch depth, i.e., the distance betWeen the crest and the 
radially outer surface of root portion 12 similarly varies along 
the length of the screW. In the present embodiment of the 
invention, the pitch depth Where leading thread 30 joins the 
remainder of screW thread 14 is approximately 0.0302 inches. 
The pitch depth Where trailing thread 24 joins the remainder 
of thread 14 is approximately 0.0240 inches. 
The decrease in pitch depth betWeen the leading end and 

trailing end of the screW can be seen by comparing FIG. 3 and 
FIG. 4 Wherein root portion 12 tapers more sharply from the 
trailing to the leading end of the screW than does the change in 
crest height as shoWn in FIG. 3. In the present embodiment of 
the invention, the outside diameter of root portion 12 betWeen 
leading and trailing ends, 16, 18, respectively, forms an angle 
40, in FIG. 4, of approximately 2.50 With respect to an axis 42 
extending from the radially outermost portion of trailing end 
18 parallel to axis 11. 
A hex socket 44 is formed on the trailing end of screW 10 to 

accommodate a driver as Will be hereinafter further explained 
in connection With a description of the procedure in Which the 
screW is used to draW opposing fragments of a fractured bone 
together. 
An alternative embodiment of the screW of the present 

invention is shoWn generally at 410 in FIGS. 19 and 19A. 
ScreW 410 includes a root portion 412 on Which is formed a 
thread 414. Thread 414 extends from a leading end 416 to a 
trailing end 418 and includes a land 474. The pitch of thread 
414 at the leading end is 0.055 inches and the pitch at the 
trailing end is 0.035 inches. The land varies from 0.010 inches 
to 0.004 inches overt the same range. Thread 414 includes a 
cutting ?ute 415 near the leading end to facilitate the cutting 
of female threads as the screW is installed. Both the outside 
diameter of thread 414 and root 412 taper from a smaller value 
at the leading end to a larger value at the trailing end. See 
FIGS. 21-22. The root diameter tapers from 0.062 inches to 
0.122 inches, While the outside diameter tapers from 0.130 
inches to 0.156 inches. The length of screW 410 is 0.689 
inches. 

ScreW 410 also includes an axial bore 425 Which extends 
from the leading end to the trailing end. Bore 425 is adapted 
to receive a stiff guide Wire, not shoWn, Which facilitates 












